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Cost Analysis in the Clinical Chemistry Laboratory in the Era
of Automation: Our Experience
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A b s t r ac t
Aim: In the era of automation, the modalities available for analysis of samples for a clinical chemistry laboratory include both wet chemistry
and dry chemistry analyzers. Wet chemistry systems are routinely used in small to large clinical chemistry laboratories whereas dry chemistry
analyzers are restricted to large laboratories. Cost analysis is a system that is used for providing financial information to make financial projections.
Aim of the study was to compare the cost analysis of wet chemistry and a dry chemistry analyzer.
Materials and methods: Apart from the cost of the basic kits, a large number of controls, calibrators, consumables, and fluids are procured
to run the various tests in the laboratories. A cost analysis of the wet chemistry analyzer and the dry chemistry analyzer available with us was
performed to compare both the systems.
Results: The cost per test (CPT) of the parameters on the wet chemistry analyzer was lower as compared to the dry chemistry analyzer. On
factoring the cost of controls, calibrators, tubings, accessories and other consumables for both the systems, a figure of ` 8.91 as the cost of
consumables per test for the wet chemistry analyzers and ` 0.40 for the dry chemistry analyzer was reached. On the further calculation of the
cost per reproducible test (CPRT), it was seen that the wet chemistry analyzer had CPRT of ` 26.43 and the dry chemistry analyzer had `23.5.
Conclusion: The results point towards the dry chemistry analyzer as being cheaper to a wet chemistry analyzer if the workload of samples
being analyzed on them is high.
Clinical importance: A thorough cost analysis is imperative to be done for any clinical chemistry laboratory to determine the cost-effectiveness
of a system so that an informed decision can be made to incorporate new methods if required.
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Introduction

1

The principal activity of all clinical chemistry laboratories is to
generate good quality and reproducible results from all the clinical
specimens received in the laboratory up to the satisfaction of the
end users, i.e., the clinicians and the patients. With the increasing
emphasis on the diagnostic services to make available a plethora
of biomarkers, the number of parameters being tested in all
laboratories has increased tremendously. The cost of new methods,
tests, running quality control, payment of staff, payment of utilities
and overheads, machines and accessories in the clinical laboratories
puts heavy constraints on the finances of the establishment. As
all the diagnostic modalities proliferate, there is a debate on the
rising cost of health care which has led to efforts to evaluate the
efficiency, safety, cost-effectiveness and social benefits of medical
technology. As the end user, the patient also has a choice as to the
facility they will use for testing, depending on their expenses and
the performance of the laboratory.1
Financial management is an integral part of laboratory
management as it impacts all aspects of the laboratory including
choosing the method most suitable for performing the tests and
generating quality reports. An establishment with a sound financial
policy has the ability to run efficiently.2 A strict financial planning
system is also capable of generating revenue for the medical
establishment, especially centers which have little financial support.
Cost analysis or cost accounting is a system for providing financial
information that is used for making financial projections. 3 Cost
analysis has also been defined by WHO as the financial management
technique of allocating direct and indirect costs which can help
departmental managers, hospital administrators, and policymakers
to determine how well they meet the community needs and
can also provide information on operational performance. 4

The benefits of cost analysis in a clinical laboratory are that it can
be used as a tool to increase the efficiency of management as well
as plan a policy suitable for future laboratory services.5,6
With the increasing workload on clinical chemistry laboratories,
new methods have been introduced to efficiently manage the
workload while without compromising on the quality. With
the introduction of reflectance spectrophotometry based dry
chemistry systems, they are being used in a larger number of clinical
laboratories, providing a viable alternative to the wet chemistry
analyzers. The dry chemistry analyzers were initially used as desktop
analyzers that were used by clinicians as a point of care device. The
disadvantages initially experienced with dry chemistry analyzers
were the availability of limited test parameters, reliability of results,
and the cost of the tests.6,7 The cost of tests, run on wet chemistry
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analyzers is generally cheaper to dry chemistry analyzers. The cost
of a test has direct and indirect costs, that have to factor in while
assessing the cost of a test. These include the cost of repeats,
wastage, cost of additional consumables, controls, and quality
control. The expense incurred in all these factors, divided by the
total number of tests gives the additional cost, which when added to
the CPT, gives the CPRT. The CPRT of a system is also determined by
the workload on the system, apart from the nature of tests being run
on the system. Hence CPRT is the average expense on performing
a single test, depending on the total all round expense and the
workload. The analysis of CPRT in a clinical chemistry laboratory is
a rarely studied topic to the extent that recent references are also
not available. This study was undertaken to assess the CPRT of a
fully automated dry chemistry analyzer and compare it with CPRT
from a fully automated wet chemistry analyzer.

M at e r ia l s

incurred. The onboard stability of the unopened flex is 30 days for
the reagents.
The pack of reagents for dry chemistry system range from 90
(amylase, iron, TIBC, magnesium, CK, CKMB, CRP and urine protein)
to 300 (glucose, BUN, urea, creatinine, total bilirubin, alanine
aminotransferase, aspartate aminotransferase, uric acid, cholesterol,
triglycerides, sodium, potassium, HDL cholesterol and chloride).
While calculating the cost of the tests, a few assumptions were
made:

Dry Chemistry
•
•

System: Calibrations are done once every four months or when
a lot of the kits changed.
Dual controls (quality control levels I and II) were done once a
day, every day (365 days).

Wet Chemistry

and methods

This study was undertaken in the clinical chemistry section of a
1000 bedded super specialty tertiary care service hospital in Delhi
from June 2016 to June 2017. The laboratory has three (03) fully
automated wet chemistry analyzers and a single dry chemistry
analyzer. Since all the reagents, consumables and controls are
common for the three-wet chemistry analyzers, for the purpose
of this study, the calculation will be for three (03) wet chemistry
analyzers. All the wet chemistry analyzers belong to the same
manufacturer and the same series. Two of the three wet chemistry
analyzers were installed simultaneously, while the third is of an
older vintage and all these three analyzers require the identical
reagents and consumables. Keeping in mind the potential of any
conflict of interest, the analyzers are not being named but will be
referred to as ‘Dry Chemistry System’ and ‘Wet Chemistry System’.
The workload of the clinical chemistry section is equally
distributed among the dry and wet chemistry analyzers with 50%
samples being processed on dry chemistry and the rest on wet
chemistry analyzers. The reagents, calibrators, controls and other
consumables used on each analyzer are manufactured by the
original equipment manufacturer.
The tests for dry chemistry are cartridge based and the
consumables required for the machine are tips, dehumidifier packs,
cuvettes, sample cups, reference fluid, and immune wash fluid.
Apart from these common requirements, a total of 05 common
calibrators are required for calibration of all routine parameters. The
internal quality control is done by using quality control levels I and
II. Being a dry system, no other tubing, dilutional fluid or deionized
water is required for the functioning of the machine.
For a total of 29 parameters, 05 consumables, 05 calibrators, and
02 performance verifiers are utilized on the dry chemistry system.
On the wet chemistry analyzer, for a total of 26 parameters, 20
consumables and 13 calibrators are required.
The pack size of the reagents on the wet chemistry system
range from 80 (CSF protein) to 1440 (glucose).The other pack sizes
are 120 (lipase, HbA1c), 240 (Alanine aminotransferase, amylase,
HDL cholesterol), 288 (gamma-glutamyltransferase), 320 (direct
bilirubin), 360 (aspartate aminotransferase, alkaline phosphatase)
and 480 (BUN, creatinine, total bilirubin, total protein, albumin,
total cholesterol, triglycerides and uric acid). The reagents come in
sets of flex, with 04 flex in a single pack of reagents. The onboard
stability of the opened flex is generally 7 days, after which the
flex is ejected from the machine, irrespective of the volume of
reagents remaining unused in the flex. The reagent wastage due
to low onboard stability on this system contributes to the cost

•

System: The equipment, though in warranty, a large number
of hardware consumables are required to be purchased from
the manufacturer.
• Three level calibration is done on each parameter once each
month, on all 03 machines
• Approximately wastage of 10% of reagents in the flex as they
are ejected out in 7 days time.
• Dual controls done for each parameter once a day for all
machines.
• Due to sample issues (dilute, hemolysed, icteric or chylous
sample), 5% repeats every day.
• The cost of deionized water being utilized has not been included
as the cost of electricity and water are not paid directly.
• The cost of printer paper has been included as the thermal paper
used is specific to the system and purchased as such from the
manufacturer.
A few common assumptions to both systems:
• The clinical chemistry section receives up to 500 serum samples
and 400 glucose samples apart from 50 body fluids and other
samples every day.
• The workload was equally divided among the machines, i.e.,
50% on dry chemistry and 50% on wet chemistry.
• This was worked on the basis that dry chemistry system has a
higher throughput(1000 tests) as compared to wet chemistry
(450 tests) as only photometric and electrolyte analyzers without
any chemiluminescence based tests were being done on either
analyzer. Additionally, the manpower required to run all the
wet chemistry analyzers is more than the dry chemistry system,
which can be operated by a single technician.
• Only 25 routine biochemistry parameters, their controls, and
calibrators were included in the calculation of the cost (). No
special tests of chemiluminescence or immunoturbidimetry
were included in the panel of parameters.
• The basic cost of tests per kit was calculated (cost of kit/tests
per kit).
• The cost of running of the internal quality control was factored to
include only the cost of the reagents consumed in performing the
test and not towards the cost of the internal quality control material.
• Cost of the calibration was additionally factored and added to
the basic cost.
• The expense made on consumables and hardware per test on
a yearly basis was calculated and an average cost per kit was
calculated.
• As explained above, the cost of additional reagents, consumables,
hardware, wastage, calibration and quality control have been
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calculated for both the systems separately for the calculation
of the CPRT of the individual system.
The final CPRT was calculated by adding all these costs (cost
for controls, the cost for calibrators, cost for consumables) to
the basic cost.

•

R e s u lts
The basic cost per test was calculated from the price per kit and
the number of tests available per kit. The CPT of the wet chemistry
systems was significantly lower for the 25 analytes that were used for
the comparison as shown in Table 1. The comparison of the CPT of
the dry and wet chemistry systems is shown in Table 1 and Graph 1.
For the wet chemistry system, 15 analytes had a CPT of less
than ` 10, 01 had between ` 10 to 20, 07 parameters between ` 21
to 50, and 01 parameters> ` 100. For the dry chemistry analyzer,
01 analytes had a CPT of less than ` 10, 15 had between ` 10 to 20,
03 parameters between ` 21 to 50, 04 parameters between ` 51
to 100 and 02 parameter > ` 100 as shown in Table 3. The cost of
sodium and potassium estimation on the wet chemistry system is
based on the cost of multiple consumables including sensors and
various dilutional fluids and buffers. On the dry chemistry analyzer,
Table 1: Basic cost per test comparison of wet chemistry and dry
chemistry systems

this was not the case and the CPT for sodium and potassium were
directly available.
In the wet chemistry system, the prescribed consumption
pattern for 16 consumables, including various tubes, fluids, sample
cups and printer paper roll were factored and the total expenditure
on these items was calculated which was `82, 44,424. This cost
was subsequently divided by the yearly workload of tests (925275)
on the wet chemistry analyzers and the cost of consumables per
test was found to be ` 8.91. This cost was added to the CPT of the
individual tests and shown in Graph 2. The total expense of the
reagents was ` 1,31,88,447. The total expense on quality control
tests was `8,72,214, on calibrators was ` 1,72,053, test repeats
were ` 6,59,422 and reagent wastage was ` 13,18,845. This total
amount for the duration was `30,22,534, which was 22.9% of the
expense on the reagents. The final CPRT for the wet chemistry
system was calculated to be `26.43 per test.
For the dry chemistry system, the total expense for calibration
was `52,529, quality control tests were ` 6,35,558. The consumables
considered were sample tips, desiccant packs, and salt pads. The
additional expense towards the consumables per test was ` 0.40.
The final CPRT for the dry chemistry system was `23.5. The final
CPRT for both the systems is given in Table 2.
For the wet chemistry system 15 analytes had a CPT of less than
` 10, 01 had between ` 10 to 20, 07 parameters between ` 21 to 50,
and 01 parameter > ` 100. For the dry chemistry analyser, 01 analyte
had a CPT of less than ` 10, 15 had between ` 10 to 20, 03 parameters
between ` 21 to 50, 04 parameters between ` 51 to 100 and 02
parameter > ` 100 as shown in Table 3.

Parameter

Daily
work load
(on each
system)

Basic CPT
in ` (wet
chemistry
system)

Basic CPT
in ` (dry
chemistry
system)

1.

Glucose

200

1.83

7.35

2.

Urea

150

2.94

11.55

3.

Creatinine

175

2.94

11.55

4.

Amylase

40

11.66

56.02

5.

Uric acid

70

2.65

18.9

6.

Sodium

175

34

15.75

7.

Potassium

175

34

15.75

8.

Total protein

120

1.96

10.08

9.

Albumin

100

1.96

10.5

10.

Total cholesterol

150

5.18

12.6

11.

Triglyceride

150

7.55

16.8

12.

HDL cholesterol

90

29.4

110.42

13.

Total bilirubin

130

3.43

13.65

14.

ALT

125

3.92

11.37

15.

AST

125

3.92

13.65

16.

Alkaline Phosphatase

80

3.92

18.9

17.

GGT

20

4.9

46.62

18.

Calcium

60

3.92

18.9

19.

Phosphorus

50

2.45

19.95

20.

LDH

50

36.71

46.62

S No.

CPT

Wet chemistry
system

Dry chemistry
system

21.

CPK

30

42.86

45.14

1.

< `10

15

01

22.

CKMB

20

229.45

78.08

2.

`10–20

01

15

`20–50

07

03

S.
No.

Discussion
The management team of every health care facility has a
responsibility to provide health care services which are of acceptable
quality, affordable, and as per the needs of the community. There
has been an exponential increase in the automation of laboratories
since the end of the twentieth century. The clinical laboratory has
kept pace with the rapidly changing health care establishments
and has undergone a significant change. This has been due to
a large extent because of the considerable expenditure that is
incurred in procuring good analyzers, using the best reagents,
quality control measures, having good practices, training of
the staff. Other expenses that are also to be considered are an
expense on infrastructure which is a capital cost and overhead
costs like payment for utilities like electricity or water and the
payment for the staff. In this scenario, it is essential to analyze the
financial component of the establishment, as some of these are
repetitive in nature and poor financial prudence is liable to hurt
all establishments.
The mechanism of assigning a cost to a test has been studied
by Tarbit and it was seen that a reduction in the workload did not
Table 2: Cost per test distribution of wet chemistry and dry
chemistry systems

23.

Magnesium

20

45.48

52.38

3.

24

Iron

40

37.37

55.29

4.

`50–100

NIL

04

25.

TIBC

40

106.68

112.79

5.

`100

02

02
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Table 3: Final Cost Per Test comparison of wet chemistry and dry chemistry systems
S.
No.

CPT wet chemistry system

CPT dry chemistry system

Parameter

Final cost per test in `

Basic cost per test in `

Final cost per test in `

Basic cost per test in `

1.

Glucose

12.13

1.83

7.45

7.35

2.

Urea

12.38

2.94

11.73

11.55

3.

Creatinine

12.37

2.94

11.72

11.55

4.

Amylase

23.72

11.66

59.06

56.02

5.

Uric acid

12.13

2.65

19.5

18.9

6.

Sodium

48.01

34

16.46

15.75

7.

Potassium

48.01

34

16.46

15.75

8.

Total protein

11.24

1.96

10.3

10.08

9.

Albumin

11.26

1.96

10.78

10.5

10.

Total cholesterol

15.03

5.18

12.81

12.6

11.

Triglyceride

17.83

7.55

17.07

16.8

12.

HDL cholesterol

44.28

29.4

113.06

110.42

13.

Total bilirubin

12.96

3.43

13.92

13.65

14.

ALT

13.57

3.92

11.61

11.37

15.

AST

13.57

3.92

13.93

13.65

16.

Alkaline phosphatase

13.65

3.92

19.47

18.9

17.

GGT

15.72

4.9

51.72

46.62

18.

Calcium

13.73

3.92

19.64

18.9

19.

Phosphorus

11.96

2.45

20.88

19.95

20.

LDH

45.62

36.71

48.66

46.62

21.

CPK

65.04

42.86

48.45

45.14

22.

CKMB

327.72

229.45

87.01

78.08

23.

Magnesium

72.0956

45.48

58.03

52.38

24.

Iron

46.2811

37.37

58.28

55.29

25.

TIBC

115.594

106.68

119.15

112.79

Graph 1: Comparison of CPT of wet chemistry and dry chemistry systems
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Graph 2: Comparison of CPT of wet chemistry and dry chemistry systems aith inclusion of cost of consumables

result in any decrease in the laboratory costs.8 Tarbit also studied
means to recover all costs against tests in the laboratory, including
capital investments and other overhead expenses. 8 In a study
conducted in a laboratory of a teaching hospital, it was seen how
automation had changed the costs of tests.9 Studies done on small
laboratories without access to computerized methods have tried
out multiple methods to perform cost analysis, including using
a worksheet method.10 The importance of managing costs for
laboratory managers by managing their resources is of extreme
importance as it enables them to take rational decisions in day
to day functioning of the laboratories.11 The data regarding the
cost analysis of the clinical chemistry section of the laboratory has
increased in the last couple of decades with authors analyzing
the direct material costs and not the overall costs.12,13 These
studies were improved by authors performing prospective and
retrospective studies about the unit cost of tests in the clinical
laboratory section.14,15
While performing cost analysis in a hematopathology
laboratory, Gujral S et al., found that the CPT reduced as the
volume of the test increased and that specialized tests had higher
CPT.16 The impact of cost analysis in other settings like health care
programs, cardiac care, and in-hospital infection control has also
been studied.17-19 The relative inadequacy of data about the CPRT
of dry chemistry and wet chemistry analyzers remains though
authors have attempted to compare the CPT of semi-auto and fully
auto chemistry analyzers and found a reduction in cost on the use
of fully auto analyzers.20
In our study, the objective was to assess the CPRT of a wet
chemistry analyzer and compare it with a dry chemistry analyzer.
The CPT of a wet chemistry analyzer is significantly lower as
compared to a dry chemistry analyzer for most tests except sodium,
potassium, and CKMB. The cost of electrolyte estimation on wet
chemistry analyzers is higher as they require multiple numbers
of fluids, sensors, and buffers for the estimation, while the higher
cost of CKMB may be due to the cost of the method of estimation.
The CPT of wet chemistry system was low with 15 analytes costing
less than `10 and only 02 analytes costing more than `100. The
corresponding CPT of the dry chemistry analyzer was, on the other
hand, higher with only a single analyte costing less than ` 10 and
15 analytes costing between `10–20.
240

The wet chemistry analyzers require a large number of
additional consumables, controls, and calibrators, tubings and
fluids in their day to day operation. We required for this system 20
consumables and 13 calibrators for 25 analytes. On considering the
cost of these items contributing to the cost of tests, it was found to
be `8.91 was the additional expense on each test. Comparatively,
the dry chemistry analyzer required 5 consumables, 5 controls,
and 2 quality control reagents. The additional cost in case of
dry chemistry system was found to be ` 0.32per test, which was
negligible as compared to the wet chemistry analyzer.
On addition of the total expenses towards controls, calibrators,
reagents, repeats and reagent wastage on the wet chemistry
system, it was seen that the CPRT was ` 26.43. The dry chemistry
system after including the cost of controls, calibrators, and reagents
was ` 23.50. The higher CPRT on our wet chemistry analyzers may
be due to a requirement of additional consumables, calibrators,
wastages, and issues related to the methods of estimations itself.
Electrolyte estimation on our wet chemistry system requires
multiple buffers, diluents, sensors, and other consumables while
these were not required on the dry chemistry system.
The CPRT of a system would change with the workload on the
system and with the number of parameters being analyzed on the
system. For this study, only 25 common parameters were chosen
and the CPRT calculated, though the dry chemistry analyzer is
being used for more number of parameters. As a few parameters
are not being performed on the wet chemistry analyzer, the CPRT
was calculated in this manner using 25 parameters only.
The parameters that were compared in this study were
common to both systems and analysed on a routine basis in the
clinical chemistry analyser and did not include specialized tests
like HbA1c(glycated hemoglobin), urinary microalbumin and
adenosine deaminase, ceruloplasmin, copper, beta 2 microglobulin
or cystatin C, kits for some of which are available on both systems.
For the purpose of this study, the cost of water, which is directly
proportional to the volume of tests has not been considered and
added to the CPRT of the wet chemistry system. Due to the high
workload in our center, the wet chemistry analyzer turned out to
be more expensive, but for small to medium size centers, the cost
of a dry chemistry system may be higher. The CPRT of different
wet chemistry systems would be different, depending on the

Indian Journal of Medical Biochemistry, Volume 23 Issue 2 (May-August 2019)

Cost Analysis in the Clinical Chemistry Laboratory in the Era of Automation: Our Experience
throughput and workloads. This study is an attempt to compare
the CPRT of the systems that were available to us and may not
be translated to other systems. Wet Chemistry analyzers are an
irreplaceable and integral part of clinical chemistry laboratories
but with the advent of Dry Chemistry analyzers, at least the bigger
centers with higher workloads have a viable alternative.
The focus of all laboratories is generally on the quality of the
reports generated, while the cost-effectiveness of the equipments
and methods is as an aspect that does not get the attention that
is required in the present era of automation. The cost analysis of
different chemistry analysers is a neglected facet that needs to be
studied more as for any laboratory; the decision to procure specific
equipment should also be decided by what is the anticipated CPRT
for the equipment. The cost of the equipments in modern clinical
chemistry laboratories is high, but the cost of kits and consumables,
as well as the CPRT, are some of the factors that may determine the
type of instrument to be procured or used in a clinical chemistry
laboratory.

C o n c lu s i o n
The CPT of the wet chemistry system was significantly lower as
compared to the dry chemistry system, but the CPRT of the dry
chemistry system was lower than that of the wet chemistry system
for our workload, which is the most important factor in the cost
analysis of a clinical chemistry laboratory.
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